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Abstract. The design of collaborative learning (CL) scenarios that increase 
both students’ learning and motivation is a challenge that the CSCL community 
has been addressing in the past few years. On one hand, CSCL design (i.e. 
scripts) has been shown to be effective to support meaningful interactions and 
better learning. On the other hand, scripted collaboration often does not 
motivate students to participate in the CL process, which makes more difficult 
the use of group activities over time. To deal with the problem of motivation, 
researchers and educators are now looking at gamification techniques to engage 
students. Gamification is an interesting concept that deals with the introduction 
and use of game design elements in a proper way to satisfy individual 
motivational needs. The use of gamification in educational settings is a complex 
task that requires, from instructional designers, knowledge about game elements 
(such as leaderboards and point systems), game design (e.g. how to combine 
game elements) and their impact on motivation and learning. Today, to the best 
of our knowledge, there are no approaches for the formal systematization of the 
instructional design knowledge about gamification and its application in CL 
scenarios. Thus, to address this issue, we have applied ontological engineering 
techniques to develop an Ontology called OntoGaCLeS. In this paper, we 
present the main concepts and ontological structure used to represent gamified 
CL scenarios. In this ontology, we formalize the representation of gamification 
concepts and explain how they affect motivation in the context of collaborative 
learning. Particularly, we will focus on the definition of player roles and 
gameplay strategies. Furthermore, to show the utility of our approach, we 
illustrate how to use our ontology to define a personalized gamification model 
that is used to gamify a CL scenario based on motivational needs and individual 
traits of learners in a group. 
Keywords: gamification, ontology, collaborative learning. 
1 Introduction 
In the field of CSCL (Computer-Supported Collaborative Learning), to create 
effective collaborative learning (CL) scenarios, researchers and practitioners have 
used learning/instructional theories and best practices to set up well-thought-out 
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CSCL scenarios (or CSCL scripts) that increase the occurrence of meaningful 
interactions [12]. Using well-designed CL scenarios, there is the possibility to 
increase students’ participation and learning during group activities. Despite of these 
benefits, some researchers have indicated that scripted collaboration may cause, in 
some situations, demotivation among students, which makes more difficult to use 
group activities over time [8, 12]. Thus, to support the design of better CL activities, 
this work intends to combine the design of CL scenarios with a motivational strategy 
known as gamification.  
In the last years, many researchers have contributed to the development of the 
concept of gamification and its application in education [9, 17]. Deterding and 
colleagues define gamification as “the use of game design elements in non-game 
contexts” [6]. It aims to increase engagement and motivation through the application 
of game mechanics, such as point system, social connections and so on, in a situation 
that normally has other purposes than entertainment. The educational benefits that a 
learner gets through the use of gamification depend strongly on how well game design 
elements are connected with pedagogical approaches [17]. Thus, in the CL context, 
we assert that the chances of increasing motivation and educational benefits happen 
when game design elements and theoretical concepts from CSCL scenarios are 
correctly linked. 
Nevertheless, such a task is not trivial. Some researchers have indicated that many 
current uses of gamification are incorrect or poorly designed [24]. One of the main 
reasons for such poor designs is the assumption that all gamified scenarios can share 
the same game elements (game mechanics, game dynamics and game aesthetics) in 
different situations. For example, a point system that rewards all learners with the 
same quantity of points for each lesson does not make the learning more enjoyable. It 
is most enjoyable for learners, with the psychological need to demonstrate their 
mastery, to receive more points than other learners. 
To deal with this challenge, this paper will describe the development of an 
ontology that organizes and adequately links knowledge related to CL design and 
game elements. This ontology is called OntoGaCLeS - an Ontology to Gamify 
Collaborative Learning Scenarios. It has been developed using the Hozo Ontology 
editor [18], and it is available at http://labcaed.no-ip.info:8003/ontogacles. 
Particularly, in this paper, we will focus on describing the representation of a gamified 
CL scenario and its relationship with game player roles and game mechanics.  
The next sections are divided as follows: First, we present the related works and an 
overview of the representation of CL scenarios using ontologies. Next, we define the 
concepts of a gamified CL scenario. Then, a personalized gamification model is 
defined to illustrate the utility of our approach. Using this model, we show how to 
gamify a CL scenario using individual traits and psychological needs of learners. 
Finally, we present conclusions and future steps in our research. 
2 Overview of the Collaborative Learning Ontology 
The CL ontology (Collaborative Learning Ontology) [12] has been developed to 
formally and explicitly describe CL scenarios based on learning theories. It is based 
on the understanding of the interrelations among different concepts extracted from 
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Table 1.  Player roles defined in Marczewski’s blog 
Player role Necessary and desired condition Psych. need Motivation stage Playing style (ind. trait) 
networker 
relatedness  interacting-orientation, 
users-orientation socializer intrinsic motivate 
exploiter 
autonomy  interacting-orientation, 
system-orientation free-spirit intrinsic motivate 
consumer 
mastery 
 acting-orientation, 
system-orientation achiever intrinsic motivate 
self-seeker 
purpose  acting-orientation, 
users-orientation philanthropist intrinsic motivate 
 
In our model, for each player role, a motivation strategy and a gameplay strategy 
are defined, using the information shown in Table 2. The values You-player role and 
S-Player are default values that are defined in the ontological structures for 
motivational strategy (Y<=I-mot goal) and gameplay strategy (I-gameplay). 
Table 2. Motivation and gameplay strategies for Marczewski’s player roles 
Motivation strategy Gameplay strategy 
I-player role / 
You-player role 
Motivational goal 
(I-mot goal) 
P-Player Role /
S-Player Role 
Game mechanics 
(what use) 
Networker role /
You-player role 
satisfaction of relatedness, 
internalize motivation 
Networker / 
S-Player 
Social Status, Point 
System, and Badges 
System 
Socializer role / 
Socializer role satisfaction of relatedness 
Socializer / 
Socializer 
Social Status, and 
Social Connections 
Exploiter role / 
You-player role 
satisfaction of autonomy,
internalize motivation 
Networker / 
S-Player 
Point System, Virtual 
Goods System, and 
Badges System 
Free-spirit / 
You-player role satisfaction of autonomy, 
Networker / 
S-Player 
Unlockable System, 
and Customization 
Tool 
Consumer / 
You-player role 
satisfaction of mastery, 
internalize motivation 
Networker / 
S-Player Virtual Goods System 
Achiever / 
You-player role satisfaction of mastery 
Networker / 
S-Player 
Quests System, Point 
System, and 
Exclusive Reward 
System 
Self-seeker / 
You-player role 
satisfaction of purpose, 
internalize motivation 
Networker / 
S-Player 
Leaderboard, Badges 
System, and 
Exclusive Reward 
System. 
Philanthropist / 
You-player role satisfaction of purpose 
Networker / 
S-Player Gifting System 
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4. Finally, after the game role definition, set the gameplay for all learners. This task 
is completed through the selection of proper game mechanics for each learner 
defined in each gameplay (I-gameplay). 
4.2 Gamifying a CL Scenario Using the Personalized Gamification Model 
The pseudo-algorithm, defined in the previous subsection, can be used to gamify a CL 
scenario using the information of individual traits, current motivational stage and 
motivational psychological needs that is extracted from all learners. Thus, to illustrate 
how to gamify a CL scenario, the learners’ information of a fictional CL scenario, 
shown in Table 1 is used. In a real scenario, this information can be obtained through 
a Bartle test [2] and a test of self-determination theory [1]. 
Table 3. Learners’ information in a CL scenario 
ID Gameplay style Motivation stage Psychological needs 
l1 acting-orientation, 
system-orientation Intrinsic mastery 
l2 interacting-orientation, 
users-orientation Intrinsic relatedness 
l3 acting-orientation, 
users-orientation Amotivation purpose, relatedness 
l4 interacting-orientation, 
system-orientation extrinsic (external regulation) mastery, autonomy 
l5 interacting-orientation, 
system-orientation extrinsic (identified regulation) autonomy, purpose 
l6 interacting-orientation, 
users-orientation extrinsic (external regulation) relatedness, autonomy 
 
After the execution of the procedural steps, defined in Subsection 4.1, Table 3 is 
obtained. In step (1), the gamified CL scenarios for socializer and networker can be 
used by learner l2 to help him in the satisfaction of relatedness needs, while the 
gamified CL scenarios for self-seeker and networker can be used by learner l3 for 
satisfaction of purpose/relatedness and internalization of motivation (amotivation) 
needs. In step (2), the player roles for l2 that satisfy the necessary condition are 
socializer and networker, and the player roles for l3 that satisfy the necessary 
conditions are self-seeker and networker. In step (3), the highest role that can be 
played by l2 is socializer because his playing styles are interacting-orientation and 
users-orientation, while the highest role that can be played by l3 is acting-orientation 
and users-orientation. After step (4), the player role for l2 is not socializer, the player 
role assigned to him is networker. We cannot define a gamified CL scenario for 
socializer, because does not exist another learner that can play the socializer role. 
Finally, after the groups are created, the gameplay is defined and game mechanics are 
defined for each learner, as shown in Table 4. 
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Table 4. Player roles and game mechanics for learners in a CL scenario 
ID Player role Game mechanics 
l1 achiever Quests System, Point System, and Exclusive Reward System 
l2 networker Social Status, Point System, and Badges System
l3 networker Social Status, Point System, and Badges System
l4 exploiter Point System, Virtual Goods System, and Badges System 
l5 Exploiter Point System, Virtual Goods System, and Badges System 
l6 Networker Social Status, Point System, and Badges System
5 Related Works 
In the literature, there are many gamification frameworks [7, 9, 10, 19, 22, 25] that are 
applied in different contexts, situations and scenarios. In the education field, Zagal 
[26] have proposed abstracting and cataloguing patterns in order to provide a set of 
reusable design elements and a language for discussing them.  Furthermore, 
Domínguez et al. [9] and Simões et al. [22] proposed gamification frameworks that 
help instructional designers select proper game mechanics based in learners’ 
individual traits. These frameworks were developed employing the relationship 
between game mechanics and human desire, where each game mechanics satisfies a 
set of human desires.  
Our work extends these achievements by proposing concepts in a formal ontology 
that can be used by humans and computers as patterns and guidelines to define 
gamified CL scenarios using player roles, game mechanics, psychological needs and 
individual traits. 
Despite the growing number of studies and applications of gamification in the field 
of education [4], to the best of our knowledge, this is the first ontology that enables 
humans and computers to find, share, and combine information related to CL 
scenarios and game design elements. 
6 Conclusions and Future Research 
In this paper, we presented an ontological structure that enables the representation of 
gamified CL Scenarios. This structure allows the development of personalized 
gamified models. The personalization of this models is archived through the rational 
arrangement between motivational strategies and player roles. To demonstrate this 
personalization, in the Section 4, we performed the organization of the knowledge 
related to eight scenarios. This knowledge allows the selection of proper game 
mechanics for each learner based in his psychological needs and individual traits. 
We believe that the results of this work are the first steps forward for creating new 
semantic web authoring tools that can provide assistance for the development of more 
engaging and motivating CL scenarios. With well-grounded instructional designer 
knowledge about gamification, our ontology will be used to facilitate the inclusion of 
game mechanics, through the pseudo-algorithm proposed in Subsection 4.2. 
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In the current version of our ontology, we did not define the game dynamics that 
personalize the reward systems for each learner. Thus, our next steps will consider 
how this game element must be formalized according to our ontology. Furthermore, it 
is also important to identify what is the association between game mechanics and CL 
interaction patterns defined in [12, 16]. Future research will also consider the 
inclusion of optimal flow theory [3] and meaningful gamification [19]. 
 
Acknowledgements: We thank CNPq and CAPES for supporting this research. 
References 
1. Araújo Leal, E., Miranda, G.J., Souza Carmo, C.R.: Self-Determination Theory: An 
Analysis of Student Motivation in an Accounting Degree Program. Revista Contabilidade 
& Finanças-USP 24(62) (2013) 
2. Bartle, R.A.: Designing virtual worlds. New Riders (2004) 
3. Csiksczentmihalyi, M., Kolo, C., Baur, T.: Flow: The psychology of optimal experience. 
Australian Occupational Therapy Journal 51(1), 3–12 (2004) 
4. De Sousa Borges, S., Durelli, V.H.S., Macedo Reis, H., Isotani, S.: A Systematic Mapping 
on Gamification Applied to Education. In: Proceedings of the 29th Annual ACM 
Symposium on Applied Computing, pp. 216–222. ACM, New York (2014) 
5. Deci, E.L., Ryan, R.M.: Self-Determination. Wiley Online Library (2010) 
6. Deterding, S., Sicart, M., Nacke, L., O’Hara, K., Dixon, D.: Gamification. Using Game-
design Elements in Non-gaming Contexts. In: Extended Abstracts on Human Factors in 
Computing Systems, CHI 2011, pp. 2425–2428. ACM, New York (2011), doi:10.1145/ 
1979742.1979575 
7. Dignan, A.: Game frame: Using games as a strategy for success. Simon and Schuster 
(2011) 
8. Dillenbourg, P.: Over-scripting CSCL: The risks of blending collaborative learning with 
instructional design. Three Worlds of CSCL. Can we Support CSCL?, 61–91 (2002) 
9. Domínguez, A., Saenz-de-Navarrete, J., de-Marcos, L., Fernández-Sanz, L., Pagés, C., 
Martínez-Herráiz, J.-J.: Gamifying learning experiences: Practical implications and 
outcomes. Computers & Education 63, 380–392 (2013), doi:10.1016/j.compedu.2012.12.020 
10. Duggan, K., Shoup, K.: Business Gamification for Dummies. John Wiley & Sons (2013) 
11. Inaba, A., Ikeda, M., Mizoguchi, R.: What learning patterns are effective for a learners 
growth. In: Proc. of the International Conference on Artificial Intelligence in Education, 
Sydney, pp. 219–226 (2003) 
12. Isotani, S., Inaba, A., Ikeda, M., Mizoguchi, R.: An ontology engineering approach to the 
realization of theory-driven group formation. International Journal of Computer-Supported 
Collaborative Learning 4(4), 445–478 (2009) 
13. Challco, G.C., Moreira, D., Mizoguchi, R., Isotani, S.: Towards an Ontology for 
Gamifying Collaborative Learning Scenarios. In: Trausan-Matu, S., Boyer, K.E., Crosby, 
M., Panourgia, K. (eds.) ITS 2014. LNCS, vol. 8474, pp. 404–409. Springer, Heidelberg 
(2014) 
14. Isotani, S., Mizoguchi, R.: Deployment of ontologies for an effective design of 
collaborative learning scenarios. In: Haake, J.M., Ochoa, S.F., Cechich, A. (eds.) CRIWG 
2007. LNCS, vol. 4715, pp. 223–238. Springer, Heidelberg (2007) 
206 G.C. Challco et al. 
15. Isotani, S., Mizoguchi, R.: Adventures in the Boundary between Domain-Independent 
Ontologies and Domain Content for CSCL. In: Lovrek, I., Howlett, R.J., Jain, L.C. (eds.) 
KES 2008, Part III. LNCS (LNAI), vol. 5179, pp. 523–532. Springer, Heidelberg (2008) 
16. Isotani, S., Mizoguchi, R., Isotani, S., Capeli, O.M., Isotani, N., de Albuquerque, A.R.P.L., 
Jaques, P.: A Semantic Web-based authoring tool to facilitate the planning of collaborative 
learning scenarios compliant with learning theories. Computers & Education 63(0), 267–
284 (2013), doi:http://dx.doi.org/10.1016/j.compedu.2012.12.009 
17. Kapp, K.M.: The gamification of learning and instruction: game-based methods and 
strategies for training and education. Pfeiffer, San Francisco (2012) 
18. Kozaki, K., Kitamura, Y., Ikeda, M., Mizoguchi, R.: Hozo: an environment for 
building/using ontologies based on a fundamental consideration of Role and Relationship. 
In: Gómez-Pérez, A., Benjamins, V.R. (eds.) EKAW 2002. LNCS (LNAI), vol. 2473, pp. 
213–218. Springer, Heidelberg (2002) 
19. Nicholson, S.: A user-centered theoretical framework for meaningful gamification. 
Proceedings GLS 8 (2012) 
20. Pink, D.H.: Drive: The surprising truth about what motivates us. Penguin (2011) 
21. Pritchard, R., Ashwood, E.: Managing motivation: A manager’s guide to diagnosing and 
improving motivation. CRC Press (2008) 
22. Simões, J., Redondo, R.D., Vilas, A.F.: A social gamification framework for a K-6 
learning platform. Computers in Human Behavior (2012) 
23. Vassileva, J.: Motivating participation in social computing applications: a user modeling 
perspective. User Modeling and User-Adapted Interaction 22(1-2), 177–201 (2012) 
24. Webb, E.N.: Gamification: When It Works, When It Doesn’t. In: Marcus, A. (ed.) DUXU 
2013, Part II. LNCS, vol. 8013, pp. 608–614. Springer, Heidelberg (2013) 
25. Werbach, K., Hunter, D.: For the win: How game thinking can revolutionize your 
business. Wharton Digital Press (2012) 
26. Zagal, J.P., Mateas, M., Fernández-Vara, C., Hochhalter, B., Lichti, N.: Towards an 
ontological language for game analysis. In: Proceedings of the International Digital Games 
Research Association Conference (2005), http://lmc.gatech.edu/~mateas/ 
publications/OntologyDIGRA2005.pdf  
 
